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(54) MIGROClRCUrr FOR ANALYZING PROTEIN 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a microcircuit for analyzing protein capable of improving sensitivity, 
accuracy and reproducibility by improving the adsorption control of protein to a circuit wall face and the 
smoothness of a circuit surface. 

SOLUTION: The control of the adsorption of protein and the smoothness can be improved by coating the circuit 
surface with super-hydrophilic polymer. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not reflect the original precisely. 
2.iMo|(* shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Microcircuit for protein analyses where the front face of a circuit which contacts a protein solution at 
least is covered with the super-hydrophilic-property polymer in the with a 1mm cross section [ or less 2 ] 
microcircuit where a protein solution contacts. 



[Translation done.] 
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* NOTICES * 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the microcircuit which performs a flow, a reaction, or analysis of a 
protein solution among the equipment and the device used for the reaction which used proteinic structure and 
functional analysis, and protein. 
[0002] 

[Description of the Prior Art] The microcircuits for performing current and various chemical reactions are reaction 
effectiveness, a rate, and a technique that Is attracting attention from a viewpoint of and, generally the 

concept about the new analytical method which performs a chemical reaction and analysis in the circuit formed on 
the chip made from glass of several cm angle already called a "lab ONA chip" is established. From now on, with 
progress of biotechnology, also in the biochemistry field, use of microcircuit is an indispensable technique and 
application of the microcircuit to the reaction which used proteinic structure and functional analysis, and protein 
especially will be expected. 

[0003] The point that the protein to which it stuck when it is not only greatly influenced of reduction and a 
structural change according [ in case a protein solution is poured to microcircuit. adsorption of the protein on the 
front face of a circuit poses a big problem, and / minute amount protein ] to adsorption, but a circuit was repeated 
and used remains as hysteresis, and a point with a possibility that a circuit may blockade with the protein which 
carried out the adsorption residual since the circuit itself was still minuter also pose a problem. Moreover, although 
it is important that two kinds of solutions form a phase style in one circuit when reacting in the condition of having 
made two kinds of solutions flowing in microcircuit. the point that irregularity is formed in a circuit wall surface, a 
turbulent flow occurs as a result and reaction effectiveness falls with the protein which carried out the adsorption 
residual is a very big problem for microcircuit. 

[0004] Although most base materials currently used for current microcircuit are glass (silica glass) or plastics, 
protein shows adsorbent [ high ] to those base materials. Moreover, as a trouble about the workability of 
microcircuit. when microcircuit is formed on a base material, irregularity detailed on a front face may occur and such 
irregularity is not desirable by the above-mentioned reason. 
[0005] 

[Problem(s) to be Solved by the Invention] I thought that the purpose of this invention was offer of the microcircuit 
for protein analyses which raises sensibility, precision, and repeatability, and was a technical problem for adsorption 
of the protein to a circuit wall surface and improvement in the smooth nature on the front face of a circuit to attain 
said purpose. 
[0006] 

[Means for Solving the Problem] That is. this invention is microcircuit for protein analyses where the front face of a 
circuit which contacts a protein solution at least is covered with the super-hydrophilic-property polymer in the with 
a 1 mm cross section [ or less 2 ] microcircuit where a protein solution contacts. 
[0007] 

[Embodiment of the Invention] The protein adsorption to conventional glass or plastics is generated in short-time 
contact In a low concentration field (about . Ing- 100 ug/ml) the surface coverage (protein to which the protein In 
the contacted protein solution inner-sticks comparatively) About 50% of maxes is also reached, in the structural 
change (denaturation) with the irreversible protein to which it stuck once, adsorption of protein with secondary 
lifting and denatured protein is attracted, and a proteinic multilayer adsorption layer is formed as a result. 
[0008] Then, by coven'ng with a super-hydrophilic-property polymer the front face where a protein solution 
contacts in this invention, the hydrophobic interaction which is the biggest factor that causes adsorption of protein 
was reduced, and the adsorption in early stages of proteinic is prevented. A super-hydrophilic-property polymer is a 
polymer which was very excellent in compatibility with water, by being immersed in water, holds a uniform free water 
layer on a front face, and points out the polymeric materials from which the water contact angle becomes 0 - 1 
time. 

[0009] The copolymer (JP.9-3132.A) which contains the copolymer containing polyhydroxy alkyi methacrytate. a 
polyoxy C2-C4 alkylene-group content methacrylate polymer, or this or a polyvinyl pyrrolidone, phospholipid and 
macromolecule complex (JP,5-161491.A and JP.6-46831,A), 2-methacryloiloxy-ethyl phosphorylcholine copolymer 
(it omits Following MPC), or this as an example of a super-hydrophilic-property polymer is mentioned. 
[0010] Covering of a super-hydrophilic-property polymer also has effectiveness other than adsorption prevention of 
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protein. Swelling a super-hydrophilic-property polymer including free water by contacting a liquid, the front face 
becomes smooth. That is, the irregularity at the time of processing leading to the turbulent flow on the front face of 
a circuit is reduced by covering and swelling of a super-hydrophilic-property polymer. The point which it should be 
careful of in case a super-hydrophilic-property polymer Is covered is the thickness of an enveloping layer. When the 
enveloping layer of a super-hydrophilic-property polymer is too thick, since a circuit may be blockaded and the 
proteinic adsorption engine performance also falls when a protein solution Is contacted and it swells, the thickness 
of an enveloping layer has 5 or less desirable urns, and if the front face is covered completely, it is desirable that it 
is a film as much as possible. 

[001 1] The approach of continuing suction is desirable until the hydrophilic polymer which was filled up with the 
solution which dissolved the super^hydrophlllc-property polymer in the solvent in the circuit, attracted the 
hydrophilic polymer solution hit and filled up with the suction nozzle which connected with the suction pump at the 
opening edge of a circuit, and remained on the circuit front face although there was nothing what Is limited 
especially as an approach of covering a super-hydrophltic-property polymer dries. The enveloping layer of a super- 
hydrophilic property is fonned by said covering approach, without a circuit blockading, and the thickness can be 
easily adjusted with the viscosity of a hydrophilic polymer solution. Moreover, a smooth covering front face can be 
obtained by aeration desiccation. Hereafter, an example explains this invention still more concretely. 
[0012] 

[Example] (Example 1 ) The drill was used In the direction of a meuor axis of the polystyrene plate of 2mm in 
thickness, and 20x30mm angle, and the circuit of the shape of a straight line with a diameter [ of 0.5mm ] and a die 
length of 30mm was formed In it The 2.5 Wt/vol% methanol solution of polyhydroxyethyl methacrylate (product P- 
3932 made from SIGMA) was poured in from one opening edge of a circuit The 2.5ml syringe which attached 
stumpfe N of O.Smmphi at the tip was used at the time of impregnation. After covering the opening edge after 
impregnation and putting it on it gently for 30 minutes on a tape, the nozzle linked to a suction pump^ap was 
pressed against the opening edge, and suction was performed for 1 minute. Furthermore, it was made to dry 
overnight. When the circuit part was started and the thickness of the coat layer after desiccation was measured 
with the electron microscope, thickness was about 1 .3 um($). 

[0013] (Example 2) The 0.5 wt/vol% ethanol solution of an MPC polymer was poured In from one opening edge of the 
same circuit as the object used In the example 1 . an MPC polymer — the contents of "the drug release giant- 
molecule collected worths from the hydro gel film which has phospholipid similar structure and 46,591-595 (1989)" — 
following — MPC and a BMA (butyl methacrylate) ratio — the copolymer of =3/7 was compounded and used. After 
covering the opening edge after impregnation and putting it on it gently for 30 minutes on a tape, the nozzle linked 
to a suction pump-trap was pressed against the opening edge, and suction was performed for 1 minute. 
Furthermore, It was made to dry overnight and considered as the example 2. When the circuit part was started and 
the thickness of the coat layer after desiccation was measured with the electron microscope, thickness was about 
0.5 um(s). 

[0014] (Example 1 of a comparison) What used the drill in the direction of a mauor axis of the polystyrene plate of 
2mm in thickness and 20x30mm angle, and formed the circuit of the shape of a straight line with a diameter [ of 
0.5mm ] and a die length of 30mm In it was made into the example 1 of a comparison. 

[001 5] (Example 2 of a comparison) What used the drill in the direction of a msyor axis of the glass plate of 2mm in 
thickness and 20x30mm angle, and formed the circuit of the shape of a straight line with a diameter [ of 0.5mm ] and 
a die length of 30mm in It was made into the example 2 of a comparison. 

[0016] (Comparison of protein adsorption nature) After repeating 50 ng(s)/ml bovine albumin (BSA) solution 200ul 
into the circuit parts of an example 1, an example 2 and the example 1 of a comparison, and the example 2 of a 
comparison and circulating them 30 times, the concentration of a BSA solution was measured, and it asked for the 
rate of change of concentration. Measurement of the concentration of a BSA solution was carried out in the 
following procedures. 

[001 7] The collected BSA solution is poured distributively on the plate for EUSA (the plate H for Sumitomo Bakelite 
SUMIRON EUSA), and it incubates at 37 degrees C for 1 hour. Washing was repeated 3 times using the plate 
washer after that In addition, the Tween20 content phosphate buffer solution (NISSUI PHARMACEUTICAL 
Dulbecco PBS-pH7.4) was used for the penetrant remover 0.05%. 

[0018] Then, the skim milk (Cosmoblo make) phosphate buffer solution solution was poured distributively by 
250microL / well 3%, and it incubated at 37 degrees C for 1 hour. Washing was repeated 3 times using the plate 
washer after that Next, after pouring distributively 1 .5 ug(s)/ml phosphate buffer solution solution of a peroxidase 
indicator pit bovine albumin antibody (Cosmoblo make) by lOOul(s) / well and putting it at a room temperature for 30 
minutes, washing was repeated 3 times using the plate washer. 

[0019] Next after making it color using the TMBZ substrate buffer solution (the coloring kit T for Sumitomo Bakelite 
SUMIRON peroxidase), the absorbance was asked for concentration from measurement and a calibration curve with 
the plate reader, and it asked for the rate of change from initial concentration. A result is as in Table 1 and, as for 
the example 1 and the example 2, concentration change of the protein in a protein solution checked being stopped 
sharply compared with the example 1 of a comparison, and the example 2 of a comparison. 
[0020] 
[Table 1] 
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[0021] (Circuit obstructive comparison) In order to compare the efFect which the protein which carried out the 
adsorption residual has on a circuit, the example 1 and the example 1 of a comparison were used, and the following 
examination was carried out. an example 1 and the example 1 of a comparison — adhesion connection of the tube 
made from silicon was made at the opening edge of each circuit* it was filled up with the 500mg [/ml ] BSA 
phosphate buffer solution solution into it and the equipment which can make a circuit circulate through a BSA 
solution continuously by connecting the tube to a ^ RISUTA pump was produced. 

[0022] The condition of the lumen side of the circuit after repeating the activity which it circulates through the 
desiccation after pure-water washing after working the "M: RISUTA pump linked to example 1 and example of 
comparison 1 each for 1 hour, and circulates a BSA solution for 1 hour after connecting with a pump further for five 
days (30 times) and carrying it out was observed. Consequently, it was clear that the adsorption layer of BSA was 
not checked in the example 1 , but BSA has adhered to the lumen side uniformly in the example 1 of a comparison 
although the circuit lumen side held the condition at the time of examination initiation, a phyma-like lump is checked 
in some places* and the flow of the BSA solution in a circuit is barred. 



[Effect of the Invention] As stated above, according to this invention, the effectiveness which was excellent in the 
following is acquired. In the first place, there is no adsorption of the protein on the front face of a circuit, and since 
a proteinic reduction and the denaturation which analyze do not occur, a minute amount and highly precise analysis 
are attained. Analysis which was excellent in repetition precision can be performed without there being no 
adsorption of the protein on the front face of a circuit in the second, and the used protein remaining as hysteresis 
in a circuit. There is no adsorption of the protein on the front face of a circuit in the third, generating of the 
turbulent flow in a circuit is suppressed and there is also no problem of lock out The smooth disposition top on the 
fr-ont face of a circuit is also expected from the fourth by coating and swelling of a super-hydrophilic-property 
polymer. 



[Translation done.] 
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